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1. Executive Summary

TheNintha S+ & dzNAy 3 . NBI R6l yR ! Y S NRinthiw S CIRENS RG w)DBAHINEDE Y R w
validated data collecteth Septemberand October2018 from fixed Internet Service Providers (ISPs) as

LI NI 2F GKS CSRSNIf /2YYdzyAOFGA2Y [/ 2YYA&aaAirzyQa ocC
This program is an ongoing, rigorous, nationwide study of consumer broadbafutrpance in the

United States.The goal of this program is toeasure the network performance delivered on selected

service tiergo a representative sample set of the population. Thousands of volunteer panelists are drawn

from subscribers of InterneferviceProviders serving over 8@of the residential marketplace

The initial Measuring Broadband America Fixed Broadband Report was published in Augiisarad11
presented the first broagcale study of directly measured consumer broadband performmoeighout

the United States.As part of an open data program, all methodologies used in the program are fully
documented and all data collected is published for public use withany restrictiors. Including ths
currentReport,ninereports have novbeen issued. These reports providesnapshot ofixedbroadband

Internet access servigeerformancein the United States These reports present analysis of broadband
information in a variety of ways and haesolvedto make the information more underahdable and
usefulaswellasi 2 NBFf SO0 GKS S@2t gAy3 | LI AOlFGA2Yya a&dzZJiR

C.MAJORANDING®FTHENINTHREPORT

The key findings of this report are:

1 The maximum advertised download speeds amongst the service tiers offered by ISPs and measured
by the FC@anged from24 Mbps to1 Gbpsfor the period covered by this report.

1 Theweighted average advertisespeed of the participating ISPs wkz3.3Mbps, representing #96%
increase from the previous year

1 For most of the major broadband providers that were tested, measured download speeds were 100%
or better than advertised speeds during the peak hours (7 ponll p.m. local time).

! Theactualdates used for measurements forigtiNinth Report were Septembe5 ¢ October 25, 201@nclusive.

2 At the request of and with the assistance of the State of Hawaii Department of Commerce and Consumer Affairs
(DCCA) the state of Hawaii was added to the MBA program in 2017. The ISPs whose performance were measured in
the State of Hawaii were Hawaiian d@in and Oceanic Time Warner Cable (which is now a part of Charter
Spectrum).

3 All reports can be found ditttps://www.fcc.gov/general/measurindgroadbandamerica

4 The First Report (2011) was based on measurements taken in March 2011, SiseondReport (2012) on

measurements taken in April 2012, and thieird 013 through Eighth 2018) Reports on measurements taken in

September of the yeatINRA 2 NJ (12 G KS NInldgidido aWid dalfdsibrbatBeerRite iladeof release

2F GKS NBLER2NI YR (GKS YSIFadaNBYSyid RIFIGSa 6S KI @S aAKATG.
report is termed the Ninth MBA Report instead o£tR019 MBA Report. Going forward we will continue with a

numbered approach and the next report will be termed as the Tenth Report.
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1 ElevenISPs were evaluated in this report. Of these AT&T, Cincinnati Bell, Frontier and Verizon
employed multiple different broadband technologies across the USA. OveraH different
ISP/technology configurations weesaluated in this reporand ten performed at or better than their
advertised speedndonly one performed below 90% for actuéib-advertised download speed.

1 In addition to providing download and upload speed measurements of ISPs, this reportalsepr
a measure of consistey of advertised speeslofISRg A 1 K G KS dzaS 2F 2dzNJ dy nkyrs
metric measures th@ercentage of the advertisespeed that at least 80% of subscribers experience
at least 80% of the time over peak period®n of theld ISP/technologies configurations provide
better than 70% of advertised speed to at least 80% of panelists for at least 80% of the time.

These and other findings are described in greater detail within this report.
D.SPEEPERFORMANQE&ETRICS

Speed (both download and upload) performance continues to be one of the key metrics reported by the
MBA. The datapresentd includedSP broadband performance asnediar® of speeds experienced by
panelists within a specifiservice tier These reportsamainly focuson common service tiers used by an
L{tQa &a®z0adONAOGSNAD

Additionally, consistent withprevious Reports, wealso compute ISP performance by weighting the
medianspeedfor each service tier by the number of subscribers in that tier. Similarly, in calculating the
overall average speed of all ISPs in a specific year, the median speed of each ISP is used and weighted by
the number of subscribers of that ISP as a fractibtihe total number of subscribers across all ISPs.

In calculatinghese weighted medians, @ have drawron two sources fodeterminingthe number of
subscribergper service tier ISPsnay voluntarily contribute theirdata per surveyed service tias the

most recent and authoritative data. Many ISPs have chosen to dovgoen such informatiorhas not
been provided by an ISP, wiasteadrely onthe C/ /FQrén477 data® Allfacilitiesbased broadband
providers are required to filelata with the FCC tiwe a year (Form 477#egarding deployment of

528§ FANRG RSGSN¥YAYS (GKS YSIy @IfdzS 20SNI Ittt GKS YSI adzNE
are sentd ¢ KBS 4 ¢ i Kristélled\sbryareLdNB¥the-shelf routers that measure thirteen broadband
performance metricsincluding download speed, upload speed, and lateiicy. ¢ KSy F2NJ SI OK L{t Q&
choose the median of the set of mean vedufor all the panelists/whiteboxesThe median is that value separating

the top half of values in a sample set with the lower half of valuéisaibset; it can be thought of as the middjee.,

most typical)value in an ordered list of valuesFor calulations involving multiple speed tiers, we compute the

weighted average of the medians for each tier. The weightings are based on the relative subscriber numbers for the
individual tiers.

6 Only tiers that contribute to the top 80% of an ISPs total stibership are included in this report.

" The ISPs that provided SamKnaws 1 KS C/ / Q& 02y (i NI O 2 Nwithh weight¥2fddBakh/ol ( KS a
their tiers were Cincinnati Bell, CenturyLink, Charter, Comcast, EZortier, Hawaiian TelcomOptimum and
Verizon.

8 For an explanation of Form 477 filing requirements and required data see:
https://transition.fcc.gov/form477/477inst.pdf(Last accessesf2/2018).
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broadband servicesncluding subscriber counts$-or this report, we used th&éune2018 Form 477 data.

It should be noted that thd=orm 477 subscriber data values are for a month that generally lags the
reporting month, and therefore, there are likely to be small inaccuracies in the tier ratittsis for this
reason that we encourage ISPs to provide us with subscriber numbers for trsuragaent month.

As inour previous reportswe foundthat for most ISPshe actual speeds experienced by subscribers
either nearly met or exceeed advertised service tier speeds. Howevdnce we started our MBA
program,consumershave changedheir Internet usage habits In 2011 consumers mainlprowsed the
webanddownloadedfiles; thuswe reported averagbroadbandspeedssince theseaverage speedsere

likely to closely mirror user satisfactionBy contrast,in SeptemberOctober2018 (the measurenent
period for this repor} consumerinternet usage hd become dominated by video consumption, with
consumers regularlgtreaming video for entertainment and educatioh Both the medianmeasured
speed and consistary inservice are likely to influence the perception and usefulness of Internet access
service Therefore pur network performancenalyticshave beerexpandedo better capture this.

Specifically, we use two kinds of metrics to reflect the consistency ofceedtelivered to the consumer:

First, we report thepercentage of advertisedpeed experienced by at least 80% of panelists during at
fSrad ym: 2F GKS RFEAf& LISI] dzal3S LISNA2R thedynkyn
fraction of consumersvho obtain median speeds greater than 95%, between 80% and 95%, and less than

80% of advertised speeds.

E.USEOF OTHERPERFORMANQ®ETRICS

Although download and upload speeds remain the network performance metric of greatest interest to
the consumer, we alsqstlight two other key network performance metrics in this report: latency and
packet loss. These metrics can significantly affect the overall quality of Internet applications.

Latency is the time it takes for a data packet to travel across a networkdnanpoint on the network to
another. High latencies may affect the perceived quality of some interactive services such as phone calls
over the Internet, video chat and video conferencing, or online multiplayer games. All network access
technologies hava minimum latency that is largely determined by the technology. In addition, network
congestionwill lead to an increase in measured latency. Technottgpendentlatencies are typically

small for terrestrial broadband services and are thus unlikelyati@ct the perceived quality of
applications Additionally, for certain applications the user experience is not necessarily affected by high
latencies. As an example, when using entertainment video streaming applications, because the data can
be cached prior to display, the user experience is likely to be unaffected by relatively high latencies

Packet loss measures the fraction of data packets sent that fail to be delivered to the intended destination.
Packet loss may affect the perceived quality of applications that do not request retransmission of lost
packets, such as phone calls over theingt, video chat, some online multiplayer games, and some video
streaming. High packet loss also degrades the achievable throughput of download and streaming
applications. However, packet loss of a few tenths of a percent are unlikely to significhetlythe

9 The sum of all forms of Ntdeo, which includes Internet video, IP videw-demand (VoD), video files exchanged
through file sharing, videstreamed gaming, and video conferencing, will continue to be in the range of 80 to 90
percent of total IP traffic. Globally, IP video traffitl account for 82 percent of traffic by 2023eeCisco Visual
Networkinglndex: Forecast and Methodology, 264022 White Papey
https://www.cisco.com/c/en/us/solutions/collateral/servicprovider/visuainetworkingindexvni/white-paper
€11-741490.html(Lastaccessed Dec. 12019).



https://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/white-paper-c11-741490.html
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perceived quality of most Internet applications and are common. During network congestion, both
latency and packet loss typically increase.

The Internet is continuing to evolve its architectures, performance, and servicesAccordingly we will
continue to adapt our measurement and analysis methodologies to help consumers understand the
performance characteristics of their broadband Internet access service, and thus make informed choices
about their use of such services.
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2. Summary of Key Findgs

A.MOST POPULAR ADVEFED SERVICE TIERS

A list of the ISP download and uplosigeedservice tiers that were measured in this report are shown in
Table 1. It should be noted that while upload and downloads speeds are measured independently and
shown gparately, they are typically offered lan ISPin a paired configuration. Together, thesplans

serve the majority of Internet users of the participating ISH$ie service tiers that are included for
NELI2NIAY3I NBLNBAaSylG Oé&Shasédonksupsotiber dumbetsy L{t Qa &aSaG 2

Tablel: List of ISRervice tiersvhose broadband performance was measured in this report

r;l;)elgg;/ Company Speed Tiers (Download) Speed Tiers (Upload)
AT&T IPBB 6 12* | 18 | 24* [ 25* | 45 | 50* |100%1000*|  0.768* 1 15 3 | 5% | 6% | 10*|50* | 100*|1000*
CenturyLink 15 3 7| 10 [12] 20| 25| 40 0.512* 0.768 | 0.896| 2 | 5
Cincinnati Bell DSL 5 30 0.768 3

DSL Frontier DSL 3 6 12 | 18 | 24* 0.768 1 1.5

Hawaiian Telcom DSL | 7* 11* | 21* | 50* [100*|300*|500* 1* 3* 50* | 300* | 500
Verizon DSL (1.1-3) (0.384 - 0.768]
Windstream 1.5% 3 6 [ 10 | 12| 25 0.384 0.768 | 1.5
Altice Optimum 60* 100 | 200 25 35
Charter 60 100 | 200 5 10 20

Cable |Comcast 60 | 100* | 150| 250 |400* 5 10
Cox 30 100 | 150| 300 3 10 30
Mediacom 60 100 5 10
Cincinnati Bell Fiber 50 250 10 100
Frontier Fiber 50 75 | 100| 150 50 75 100 | 150

Fiber |Hawaiian Telecom Fibef 500* 300*
Verizon Fiber 50 75 100 [940** 50 75 100 |880**

*Tiers that lack sufficientdr y St Aada G2 YSSG (GKS LINRAINIYQA GFNBSI

* Although+ SNAT 2y CAOSNDAa dnnkyyn aolld aSNBAOS GASNI 4
tiers by subscription numberé is not includedn the report chartsbecause technical procedures for
measuring high speed rates near Gigabit and alb@axe not yet been established for the MBA program

Chartl (below) displaythe weighted(by subscriber numbershean of thetop 80%advertised download
speedtiers for each participating ISP for Septemi@xrtober2018as well as September 201@rouped
by the access technology used to offer the broadband Internet access service (DSloy didelg. In
SeptemberOctober2018 the weighted average advertised download speed §2& 3Mbps among the

measural ISPs, which represents 86% increase compared to the average in September 2017 which was
62.9Mbps.

10
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Chartl: Weighted averagadvertised dwnloadspeedamong thetop 80%service iersoffered by each
ISP

300 4
m2017 m2018

Advertised Download Speed (Mbps)

AT&T IPBB |CenturyLink| Cincinnati Frontier DSL|Verizon DSL Windstream| Charter Comcast Mediacom | Optimum | Cincinnati | Frontier Verizon Total - All
Bell DSL Bell Fiber Fiber Fiber ISPs

Amongparticipating broadband ISPs, o#\f&T IPBB, Cincinnati BellHawaiian Telecom fibeErontier,

and Verizon use fiber as the access technology for a substantial number of their customers and their
maximum speed offeringsange from150Mbpsto 1 Gbps Akey differerce between the fiber vendors

and other technology vendors is th@tith the exception of Cincinnati Belinostfiber vendois advertise
generallysymmetric upload and download speeds. This is in sharp contrast to the asymaofterings

for all the other technologiesvhere the uploadadvertisedspeedsare typically 5 to 10 times below the
downloadadvertisedspeeds.

It should be noted that there is also considerable difference between the offered average weighted speed
tier by technology. Chart 2 plots the weighted average of the top 80% ISP tiers by techbhotbgfpr
September 2017 as well as Septemi@atober2018 As can be seen in this chaatl technologies showed
increases in the set of advertised download speeds by. 8P the SeptembeOctober2018 period, he
weighted mean advertised speeds for &thnology wa$0Mbpswhichlagged considerably behind the
weighted mearadvertised downloadpeeds for cable and fiber technologies, which w38 Mbps and

251 Mbps respectively.Fiber technology showed the greatest increase in speed offerings in 2018
compared to 2017 with a weighted mean going up fréMbps to 251Mbps representing 258%
increase. In comparison, DSL and cable technologies sh@g¥dand64%increas from 2017 to 2018.

0 Although AT&T IPBB has been characterized here as a DSL teclirattgpily ncludesa mix ofADSL2+, VDSL2,
G.Fast and Ethernet technologies delivered over a hybrid of fiber optic and copper facilities.

11
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Chart 2: Weighted average advertised download speed among the top 80% service tiers based on
technology.

250 +
m2017 w2018
200
150 -

100 -

50

Advertised Download Speed (Mbps)

Cable Fiber

Chart 3 plots the migration of panelists to a higheservice tierbased on their access technolotly
Specifically, e horizontal axis of Chag partitions the SeptembeR017 panelists by the advertised
download speed of the service tier to which thewre subscribed. For each such set of paneligt®

also participated in the Septemb@ctober2018collection of data'?the vertical axis of Cha&displays

the percentageof panelist that migratedby SeptembeiOctober2018to a service tier with a higher
advertised download speedThere are two ways that such a migratioould occur. (1) if a panelis
changedtheir broadband plan during the intervening year to a service tier with a higher advertised
download speed, or (2) if a panelist did not chatigegNJ 0 N2 Ro I yR LJX Iy odzi GKS LJ
GKS I ROSNIAASR R2¢yf QubsRibed i@’ SR 2F GKS LI yStAadQa
Chart3 shows that the percentage of panelists subscribed in Septe@®&f who moved to higher tiers

in SeptembetOctober 2018 was between3% to 67% for DSL subscriber22% to 100% for cable

2 KSNBE aS@SNIt GSOKy2t23ASa IINB LX20GSR +d GKS alyY$S LA

2 Of the 4,545 panelists who participated in the September 2017 collection of data, 4,355 panelists continued to
participate in the Septembedctober2018 collection of data.

B We do not attempt here to distinguish between these two cases.

12
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subscribersand 8%to 80%for fiber subscribers In addition,1% to13% subscribermigrated to a higher
speed tier using a different technology from what they ha&aptember2017.

Chart3: Consumer migration to higher advertised download speeds

120% -

100% -

Cable
80% -
DSL

60% - Fiber

Percent who moved to a higher tier

A Multiple
40% | Technologies

20% -

A
A A A

A A
0% M A mat 474 a4 -—
O D P D 0 P P D P R P D D O O D@ OB P P O D P P O 3D P P

Advertised Download Speed (Mbps)

B.MEDIAN DOWNLOAD SPEE

Advertised download speeds may differ from the speeds that subscrotuallyexperience. Some ISPs
more consistently meet network service objectives than others or meet them unevenly across their
geographic coverage area. Also, speeds experienced dpnsumer may vary during the day if the
network cannot carry the aggregate user demand during busy hours. Unless stated otherwise, all actual
speedswere measured only during peak usage periods, which we define as 7 p.m. to 11 p.m. local time.

To compute the average ISP performance,determinethe ratio of the median speed for each tido

the advertised tier speednd then calculate the weighted average of these basethesubscriber count
pertier. Subscriber counts for the weightings waarovided from the ISPs themselves or, if unavailable,
from FCC Form 477 data.

Chart4 shows the ratio of the mediadownload and upload LIS SRa SELISNASYOSR o6& |y
G2 GKIF G L {do@doadamidpdadpectsSiéighted by the subsdsership numberdor the

tiersd ¢KS | OlGdzZl t aLISSRa SELISNASYOSR o6é Yz2aid L{taqQ
ALSSRa® | 26 SPHSNE 5{[ ONRI Rb24 RAWSFIRa ORKIIK y21z6 HKi@S!
actual speeds experienced ligeir subscribers. Verizon, instead, advertises a speed range for DSL
performance and has requested that we include this range in relevant charts; we indicate this speed range

by shading on all bar charts describing Ver2d@SL performance. Out of the4 ISP/technology
configurations shownl0 met or exceeded their advertised download speed #im&te more reached at

least 90% of their advertised download speed. Only Cinciiditi (a81%) performed below 90% @b

advertised download speed.
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Chart4: The ratio ofveighted mediarspeeddownload and uploadp advertised speefibr each ISANote
Verizon advertises a speed range for both its download and upload DSL tier and hence appears as
a range in this and other charts.

m Download ® Upload

200%

100%

50% -

Weighted Median Peak Download and Upload Speed/
Advertised Download and Upload Speed (%)

AT&T IPBB Cenluryl'\nk: Cincinnati | Frontier DSL | Verizon DSL  Windstream Charter Comcast Cox Mediacom | Optimum Cincinnati  Frontier Fiber Verizon Fiber
| Bell DSL Bell Fiber

DsL Cable Fiber

C.VARIATIONS ISPEEDS

As discussed earlier, actual speeds experienced by individual consumers may vary by location and time of
day. Charb shows, for each ISP, the percentage of panelists who experienced a median download speed
(averaged over the peak usage period dgriour measurement period) that was greater than 95%,
between 80% an@5%, or less than 80% of the advertised download speed.
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Chart5: The percentage afonsumersvhosemedian download speedas greater than 95%, between
80% and 95%r less than 80% of thadvertised download speed
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ISPs using DSL technology had between 2% to 73% of their subscribers getting greater than or equal to
95% of their advertised download speeds during peak hours. ISPs using cable technology and fiber
technology had betweei9%6-94% and betwee®9%-98%, respectively, of their subscribers getting equal

to or better than 95% of their advertised download speeds.

TK2dZAK GKS YSRALFLY R2gyf2FR 4LISSR& SELISNA SytteSR o0& Y
advertised download geds, there are some customeo$ each ISFor whom the median download

speedfell significantly short of the advertised download speed. Relatively few subscribers of cable or

fiber broadband service experienté¢his. The best performing ISPs, when me&adiby this metric, are

Charter Comcast, Cox, Mediacom, Frorntiéberand VerizonrFiber; more thar80% of their panelists

were able to attain an actual median download speed of at least 95% of the advertised download speed.

In addition to variatios 6 F a SR 2y | &dz0 AaONAOSNRE 20 GdimAy X &LIS!
fluctuate duringthe day. Thisis typicallycaused by increased traffic demaadd the resulting stress on

different parts of the network infrastructureToexamine thisaspect of peformance we use the term

080/80 consistent speed Thismetric is designed to assess temporal and spatial variationmeasured

valuesof I dzal@&wNIbad speed* While onsistency of speeis in itself an intrinsically valuable service
characteristi¢ its impact onconsumers will hinge on variations in usage patterns and neg&dsan

example,a goodconsistency of speed measure is likelyrtdicatea higherquality of service experience

for internet usersconsuming video content

Chart6 summarizes,dr each ISP, the ratio of 80/80 consistent median download speed to advertised
download speed, and, for comparison, the ratio of median download speed to advertised download speed

¥ For a detailed definition and discussion of this metric, please refer to the Technical Appendix.
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shown previously in Cha#t. The ratio of 80/80 consistent median downloadeed to advertised
download speed is less than the ratio of median download speed to advertised download speed for all
participating ISPs due to congestion periods when median download speeds are lower than the overall
average. When the difference betwedhe two ratios is small, the median download speed is fairly
insensitive to both geography and time. When the difference between the two ratios is large, there is a
greater variability in median download speed, eitlaeross a set of differetbcatiors or acrosdifferent
timesduring the peak usage periat the same location

Chart6: The ratio of 80/80 consistemiediandownload speed to advertised download speed.

200%

m 80/80 Download Speed / Advertised Download Speed (%) m Actual Download Speed [ Advertised Download Speed (%)
150%
100%

Atadddinidn

AT&TIPBB | CenturyLink Cincinnati Bell Frontier DSL = Verizon DSL | Windstream Charter Comcast Mediacom Optimum  |Cincinnati Bell|Frontier Fiber Verizon Fiber
DSL Fiber

Advertised Speed Ratio

DSL Cable Fiber

Customers of CharterComcast,Cox, Mediacom Optimum, Frontier Fiber and Verizon Fir (FiOS)
experienced median download speeds that were very consistentthey provided greater thaB0% of
the advertised speediuringpeak usage periotb more than80% ofpanelistsfor more than80% of the
time. As can be seen thart 6, except fo AT&FIPBB cable and fiber ISPs performed better thBSL
ISPs with respect to their 80/80 consistent speeds. For example, for Sept@utudrer2018 the 80/80
consistent download speed for Cincinnati Bell B8854% of the advertised speed.

D.LATENCY

Latency is the time it takes for a data packet to travel from one point to another in a network. It has a

fixed component that depends on the distance, the transmission speed, and transmission technology
between thesource and destination, and a variable component that increases as the network path
congests with traffic. The MBA program measures latency by measuring the-irgurtitne from the
O2yadzYSNRDa K2YS G2 GKS Ot2aSad YSFadz2NBYSyid &SNIISNJ
Chart7 showsthe median latency for each participating ISP. In general, higheed service tiers have

lower latency, as it takes less time to transmit each packbe median latencies rangdrom 9.5ms to

36 ms in our measurementsvith the exception of VerizoBSlwhich hada medianlatencyof 42 ms).

16



Ninth Measuring Broadband America Fixed Broadband ReporFederal Communications Commission

Chart7: Latency by ISP
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DSL latencies (betwe&# ms to42 ms) were slighthyhigher thanthose forcable (15ms to27 ms). Fiber

ISPs showed the lowest latéas(10ms to15ms). The differences in mediandacies among terrestrial

based broadband services are relatively small and are unlikely to affect the perceived quality of highly
interactive applications.

E.PACKET LOSS

Packet loss is the percentage of packets that are serd bgurce but not received at thetended
destination. The most commarauses opacketloss are high latency @ncountered congestion along
the networkroute. A small amount of packet loss ipegted, and indeeghacket losss commonly used
by somelnternet protocols to infer Internet congestion and to adjust the sending ratmitigate for the
congestion The MBA program considers a packet lost if tide O 1 rBundridp latency exceeds 3
semnds.

Chart8 shows the averagpeakperiod packet loss for each participating ISP, groujmd bins We have
broken the packet loss performance into three banalfowing a more granular view of the packet loss
performance of the ISP networRhe breakoints for the three bins used to classify packet loss have been
chosen with an eye towardsalancingcommonly accepted packet loss standaadisl provider packet loss
Service Level Agreemen(SLA} Specifically, the 1% standard for packet loss is contynacceptedas

the point at which highly interactive applications such as VolP experience significant degradation and
qualityaccording to international document8 The 0.4% breakpoint was chosen as a generic breakpoint
betweenthe highly desired performance of 0% packet loss described in many documents and the 1%
unacceptablelimit on the high side. The specific value of 0.4% is based upon a compramiatie
between those two limits ands generally supported by manglLAs and major ISPs foetwork
performance. Indeed, most SLAs support 0.1% to 0.3% SLA packet loss guaférteeshese are
generally for enterprise level services which generally have more stimgguirements for highetevel
performance.

15 See https:/iwww.voip-info.org/wiki/view/QoSand http://www.ciscopress.com/articles/article.asp?p=357102

16 Seehttp://www.itu.int/dms_pubrec/itu-r/rec/m/r -recm.10792-200306i!!msw-e.doc
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Chart8: Percentage of consumers whgseakperiod packet lossvas less than 0.4%, between 0.4% to
1% andgreater than 1%
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Chart8 shows that ISPs using fiber technologywéthe lowest packet loss, and @h ISPs using DSL
technology tendto have the highest packet loss. Withigigentechnology class, packet loalsovaries
amongISR.

F.WEB BROWSING PERF@ARIZE

The MBA program also conducts a specific test to gauge web browsing performance. The web browsing

test accesses nine popular websites that include text and images, but not streaming video. The time
required to download a webpage depends on many factbrg, Of dzRA y 3 (i KhBme®etwoik,dzY S N &
0KS R2gyf2FR aLISSR gAGKAY |y L{tQa ySi@g2N]lxX GKS
2dziaARS GKS O2yadzySNRa L{tQa ySig2N] O6AF lyeox |y
the webserverhyt @ a2YS 2F GKS&S FIFOG2NAR I NB odispRry e O2 y (i NP
average webpage download time as a function of the advertised download speed. As shown by this chart,
webpage download time decreases as download speed increases,about9.3 seconds atl.5 Mbps

download speed to about.4-1.7 seconds for30 Mbps download speed. Subscribers to service tiers
exceeding 25 Mbps experienskghtly smallewebpage download timedecreasing td..1second aB800

Mbps. These downloadines assume thabnly a single user is using the Internet connection when the

webpage is downloade@nd does not account for mommmonscenarioswhere multiple users within

a household are simultaneously using the Internet connection for viewing wgbspas well as other

applications such as reime gaming or video streaming.
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Chart9: Average webpage download time, by advertised download speed
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3. Methodology

A. PARTICIPANTS
ElevenSPs participated in the Fix&BAprogram in Septembe®ctober2018’ Theywere:

€

CenturyLink

Charter Communications

Cincinnati Bell

Comcast

Cox Communications

Frontier Communications Company
Hawaiian Telcom

Mediacom Communications Corporation
Optimum

Verizon

w Windstream Communications

geegegeegeeee

The methodologies and assumptions underlying the measurements described in this Report are reviewed
at meetings that are open to all interested parties and documented in public ex parte letters filed in the
GN Docket No. 1264. Policy decisions regarditite MBA progranwere discussed at these meetings
prior to adoption and involvedssues such as inclusion of tiers, test periods, mitigation of operational
issues affecting the measurement infrastructure, and teofisise notifications to panelists. Panippation

in the MBA program is open and voluntary. Participantdude members ofacademia, consumer
equipment vendors, telecommunications vendors, network service providers, consumer policy groups as
well as our contractor for this project, SamKnowsn 20182019 participants at these meetings

602ttt SOGAGBStEE YR AYFT2NXNIffe& NBTSNNEeRenpadcipatiag a 6§ KS ¢
ISPs and the following additional organizations:
w [ S@St o [ 2YYdzy A owpaktBfCantoyhiok] SBSE 0£ 0
walaalOKdzaSOGa LyadAaddziS 2F ¢SOKy2f238 o0dalL¢eén
w Measurement LabM-Lab
w NCTA; The Internet & Televisioh 8 82 OA I G A2y o6dab/ ¢! £0
w New America Foundation
w Princeton University
w ! YAGSR {dGFiSa ¢StSO2Y ! a4a20AliGA2y o6a!{ ¢StSO2Y
w University of CaliforniaSanta Cruz

1"Both AT&T and Hughes Network Systems left the program as participating ISPs tHisiggarg the total number

2F LI NIAOALI GAYy3 L{ta G2 StS@Syo 28§ O2yliAydzSR G2 SgIft
despite the fact that AT&T did not participate this year, so the total number of ISPs evaluated in this raport w

twelve. As of the EightReport previousé S I NX & VidkBtLdpekaiing dnder the brand name Exede internet,

left the program as a participating ISP the prior year and consequently no longer provides panelists with an increased

data allowance to déet the data used by the MBA measurements. We, however, continue reporting raw data results

for ViaSat/Exede and Hughes Network Systems tiers by using lightweight tests aimed at reducing the data burden

on these panelists. These tests are described iatgredetail in the accompanying Technical Appendix to this Ninth

MBA Report.
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Participants have contributed in important ways to the integrity of this program faaek provided
valuable input to FCC decisions for this program. Initial propésiatest metrics and testing platforms
were discussed and critiqued within the broadband collaborativelLald and Level 3 contributed their
core network testing infrastructure, and both parties continue to provide invaluable assistance in helping
to define and implement the FCC testing platform. We thaltikhe participants for their continued
contributions to the MBA program.

B.MEASUREMENT PROCESS

The measurements that provided the underlying data for this repegte conducted betweeiBA
measurement cénts andMBAmeasurement serversThe measurement clients.€., whiteboxes)were
situatedin the homes 0b,855panelistseach ofwhom received service from one of tH2 evaluated SPs.
The evaluated ISPs collectively accounted for over 80% of U.Sidesial broadband Internet
connections. After the measurement data was procegsasddescribed in greater detail in tA@chnical
Appendiy, test results from3,192panelists were used in this report.

The measurement servetsed by the MBA programere hosted by MLab and Level Gommunications

andwere locatedin elevencities(often with multiple locations within each citgcross the United States

YSENI I LRAYG 2F AYGSNO2yySOGA2y 0S06SSy (GKS L{tQa
server residd.

The measurement clients collext data throughout the year, and this data is available as described
below. However, only data collectefilom September25 through October 25, 2018 referred to
0KNRdzZaAK2dzi GKA& NBQc®Oed201& a NBb KB NI fvcisef s phdtaR Ihe
charts in this Report

Broadband performance varies with the time of day. At peak hours, more pé¢epteto use their
broadband Internet connections, giving rise to a greater potentiah&iwork congestionand degraded

user performance. Unless otherwise stated, this Report focuses on performance during peak usage
period, which is defined as weeknigisS 1 6 SSy TYnn LI®Yd (2 wmmYnn LIOYD |
location. Focusing on peak usage period provides the most useful information because it demonstrates
what performance users can expect when the Internet in their local ergeeriencesghe highest demand

from users.

Our methodology focuses on the network performance of each of the participating ISPs. The metrics
discussed in this Report are derived fraamtive measurementsi.e., test-generatedtraffic flowing

between a measurementlient, located within the modedNR dzi SNJ gAGKAY LI ySft A&
YSIFad2NBYSyid aSNBSNE f20FGSR 2dziaARS GKS L{tQa ySic¢
the measurement server that has the lowest latency to the measurement cligius, the metrics
measure performance alonipe path followed by the measurement traffic A G KAy Sl OK L
GKNRdzZAK | LRAY(G 2F AyiGSNO2yySOiAaAzy o0SiGsSSy

8 This proposed time period avoids the dates in early September when parts of North Carolina and Florida were

affected by Hurricanes Florence and Michael. It also avoided theased traffic resulting from latest iOS release

which also took place in early SeptembarY A G G Ay 3 RI G4Sa RdzZNAy3a GKS&aS LISNA2RA ¢
data collection policy fofixed MBA data See=CC, Measuring Fixed Broadbabdta Collectin Policy
https://www.fcc.gov/general/measurindgproadbandamericameasuringfixed-broadband(explaining that the FCC

has developed policies to deal withpairments in the data collection process with potential impact for the

validity of the data collected).
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measurement serveis located However, he service performance that a consumer experienoesld
differ from our measured values for several reasons.

First, as notedn the course of each test instane® measure performance only to a single measurement
server rather than to multiple serverThis is consistent witthe approach chosen by most network
measurement tools. As a point of comparison, the average web page may load its content from a
multiplicity of end points.

In addition,bottlenecksor congestion pointsn the full path traversedby consumerpplicationtraffic

might also impack O 2 y apdz¥eptidddbinternetservice performanceThesebottlenecksmay exist

at various pointswithin the ISR & Y S begoRd\ils networkdepending on the network topology
encounteredenrouteto the traffic destinatiof,A y G KS 02 y utve8NHuded € Ac¥eSs the

in-home access routerpr from a shortfall of capacity at the far end point being accessed by the
applicaton ¢ KS a. ! (S&ada SELX2NB K2¢ || &SNDAOS LISNF2N)A
service is delivered to the homan fixed infrastructurgdeliberately excluding \ARi, due to the many
confounding factors associated with it) to the point at wlnithe test servers are locatedds MBA tests

are designed to focus on the accassthne L { t Qa Yy SGé2N] X GKS& gAftt y20 A
interconnection points or transit networks that consumer traffic may traverse.

To the extent possibléthe MBAT 2 Odza Sa 2y LISNJF 2 N I y OlSshosld befdted Yy L {
that the overall performance a consumer experiences with their service can also be affectatjegtion

such as may arise at other points in the path potentially taken by consumerct@sfii, in-home Wi-H,

peering points, transit networkstc.) but thisdoes not geteflected in MBA measurements

AO2y adzySNDa KratheSthay el 16 aefvork, may be the bottleneckvith respect to

network congestionWe measurél KS LISNF 2 NX I yOS 2F (GKS L{tQad aSNIAO!
network, butthis serviceis often shared simultaneolysamong multipleusersand applications within the

home. In-home networls, whichtypically includeWi-Fi, may not have sufficient capaigsto support

peak loadg®

In addition, consumefExperienceof ISFperformanceis manifestedthrough the set of applications they
utilize. Theoverallperformance of an application dependst only onthe network performancdi.e.,

raw speed, latency or packet logm)t alsoon thel LIJLJ A Gatchitdcging &nd implementation anoin

the operating system and hardware on which it runs. While network performance is considered in this
Report, appliation performance is generally not.

9The MBA program uses test servers that are both nelite) 6perated by third parties that are not [$Pperated

or owned) and located as close asgtical, in terms of network topology, to the boundaries of the ISP networks
under study. As described earlier in this section, a maximum of two interconnection points and one transit network
may be on the test path. If there is congestion on such pttthke test server, it may impact the measurement,

but the cases where it does so are detectable by the test approach followed by the MBA program, which uses
consistent longitudinal measurements and comparisons with averaged results. Details of the olegyodsed in

the MBA program are given in the Technical Appendix to this report.

20Independent researghdrawing on the=CQ BAtest platform [numerous instances of research supported by the
fixed MBA test platform are describedlatps://www.fcc.gov/general/mbaassistedresearchstudies suggestshat
home networksare a significant source of enb-end service congestionSeeSrikanth Sundaresaet al., Home
Network orAccess Link? Locating L-ddite Downstream Throughput Bottlene¢hk®AM 2016- Passive and Active
Measurement Conferencat 113123, March 2016.
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C.MEASUREMENT TEST®AMERFORMANCE MERRIC

This Report is based on the following measurement tests:

1 Download speedThis test measures the download speed of each whiteler a 18second
period, onceper hour during peak hours (7 p.m. to 11 p.m.) and once during each of the following
periods: midnight to 6 a.m., 6 a.m. to noon, and noon to 6 p.m. dtenload speed
measurementresultsfrom each whitebox are then averagextross the measurement month;
and the median value for these average speeds acrossetiige set of whiteboxes is used to
determine themedian download speetbr a service tier. The overall ISP download speed is
computed as the weighted median for easdrvice tier, using the subscriber counts for the tiers
as weights.

1 Upload speedThis test measures the upload speed of each whitebox overseed@nd period,
which isthe same measurement interval as the download speed. uph@adspeed measured in
the last five seconds of the i€econd interval is retained, the results of each whitebox are then
averaged over the measurement period, and the median value for the average speed taken over
the entire set of whiteboxes is used to determine theedian upload geedfor a service tier. The
ISP upload speed is computed in the same manner as the download speed.

1 Latency and packet losFhese tests measure the rowtidp times for approximately 2,000
packets per hour sent at randomly distributed intervals. Respainses less than three seconds
are used to determine the mean latency. If the whitebox does not receive a response within three
seconds, the packet is counted as lost.

1 Web browsing The web browsing test measures the total time it takes to request andive
webpages, including the text and images, from nine popular websites and is performed once every
hour. The measurement includes the time required to translate the web server name (URL) into
0KS ¢6S0aSNBSNRa ySig2N] oLtoO FRRNBaao

This Reporfocuseson three key performance metrics ointerestto consumers of broadband Internet

access servigeas they are likely to influence how well a wide range of consumer applications work
download and uploadpeed, latency, and packet lod8ownload and upload spls arealsothe primary

network performance chacteristic advertised by ISPelowever, as discussed above, the performance
observed by a usén any given circumstand@ S LISY Ra y 24 2yf e 2y (GKS || Oldz f
but also on the performancef other parts of the Internet and othat of the application itself.

The standard speeidsts use TCP with 8 concurrent TCP sesdio2817we also introduced a single TCP
speedtest (termed asLightweight tests)which ranless frequentlyand thereby providedess strain on
consumer accounts that arelatacapped The Lightweight testsare used exclusivelyto provide
broadband performance resulfer satellite ISPsThe Technical Appendix to this Report describes each
test inmore detail, including additional tests not contained in this Report.

D.AVAILABILITY OF DATA

The Validated Data Sébn which this Reporis based, as well as theilf results of all tests, are available
at http://www.fcc.gov/measuringbroadbandamerica To encourage additional research, we also
provideraw data for the refeence month and other monthsPrevious reports of thiBAprogram, as
well as the data used to produce them, are also availtidee.

21 The SeptembeOctober2018 data set was validated to remove anomalies that would have produced errors in the
Report. This data validation process is described in the Technical Appendix.

23


http://www.fcc.gov/measuring-broadband-america

Ninth Measuring Broadband America Fixed Broadband ReporFederal Communications Commission

Both the Commission and SamKnows,th2 Y YA a4 A2y Qa O2y (NI OG2NJ F2NJ 0 KA A&
the methodology descriptions included in this document provide an overvieweopthject interested

parties may bewilling to contribute to theproject by reviewing the software used in thesting.
{rYYYy25ad 6St02YSa NBOASg 2F Ala azf¥ieol NB FyR (GSOF
goals of openness artcansparency for this progrart.

22 The software that was used ftine MBA progranwill be made available for noncommercial purposes. To apply
for noncommercial review of the code, interested parties may coriarhKnows directly aéam@samknows.com
gAGK (GKS &dzo2SO0G KSFRAy3 a! OFRSYAO / 2RS wSOASG e
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4. Test Results

A. MOST POPULAR ADVESED SERVICE TIERS

Chart 1 above summarize the weighted average of theadvertised download speeésfor each

participating ISPfor SeptembetOctober2018and September 201Where the weighting is based upon

the number of subscribers to each tjggrouped by the access technologsed to offer the broadband

Internet access service (DSL, cabldjber). Only the top 80% tiers (by subscriber number) of each ISP

were included.Chart 10 below showsthe correspondingwveighted average of thedvertisedupload
speedsamong the measuretSR. The computed weighted average of thdvertisedupload speed of all

the ISP$s27MbpsNE LINBa Sy dAy 3 | mnm: AYONBFaS 20SN) 0KS LINB:

Chart10: Weighted average advertisagload speedamong the top 80% servicetsoffered by each 5
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Chart 11 compares the weighted average of the advertised upload speeds by technology both for
September 2017 and Septemb@ctober2018. As can be seen in this chadll technologies showed
increasedratesin 2018 as compared to 2017. Howeytire rates of increase were not the same for all
technologies. The rate of increase in the weighted average of Fiber technologyO&dscompared to

DSL and Cable which wet@% and31 % respectively.

Observing bth the download and upload speeds, it is clear that fiber service tiers are generally symmetric
in their actual upload and download speeds. This results from the fact that fiber technology has
significantly more capacity than other technologies and it ba engineered to have symmetric upload

and download speeds. For other technologies with more limited capacity, higher capacity is usually
allocated to download speeds than to upload speeds, typically in ratios ranging from 5:1 to 10:1. This
resulting aymmetry in download/upload speeds is reflective of actual usage because consumers typically
download significantly more data than they upload.

BaSlIadz2NBER aASNWAOS GASNE 6SNB GASNER 6KAOK O2yadAaddziSR

25



Ninth Measuring Broadband America Fixed Broadband Report

Chart 11: Weighted average advertisedlagnd speed among the top 80% serviceets based on
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B.OBSERED MEDIAN DOWNLOADND UPLOAD SPEEDS

Chart 4(in Section 2.B¥hows the ratio in Septembefctober2018 of the weighted medianof both
download and upload LISSR&a 2F Sl OK L{t Qa 4&dzo a QAradsdS2ehelol2 |
show the same rati® separately for download speed afmt upload speed* The mediandownload
s)iSSRa 27F Y2ail have tedn@losa zdrhayl@xce&ibdhtheaatised speedsExceptions

to this werethe following DSL provider€enturyLink, Cincinnati BE&NSL.Frontier DSland Windstream

with respective ratios 094%,81%,96%and 98%

¢
[\N)
w

Chartl2.1: The ratio of median download speed to advertised downloaddspee
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Chart12.2 shows the median upload speed as a percentage of the advertised speedhs the case with
download speeds most ISRet or excee@d the advertised rates except for a number@$L providers:
CenturyLink, Cincinnati Bell DSL, Frontier, 8tizon DSand Windstream which hacespective ratig
of 88%,85%,96%,91%, and 78%.

Chartl2.2: The ratio of median upload speed to advertised upload speed.
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C.VARIATIONS IN SPEEDS

Median speeds experienced by consumers may vary based on location and time @ltay.5above
AK26SRZ FT2NJ SFOK L{tx (KS LISNOSyidl3sS 2F O2yadzySNa
median download speed ovéne peak usage period that was either greater than 95%, between 80% and

95%, or less than 80% of the advertised download spe@tart13 below shows the corresponding
percentage of consumers whose median upload speed fell in each of these raMijeshe exception of

AT&T IPBBSPs using DSL technology had between&@d4 % of their subscribers gettirgreater than

or equal t095% of their advertisedploadspeeds during peak hou&Ps using cabte fibertechnology

had betweerB0%- 99% of their subscribers getting equal to or better than 95% of their advertipkzhd

speeds.
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Chartl3: The percentage of consumers whose median upload speed was (a) greater than 95%, (b) between
80% and 95%, or (c) lesath80% of the advertised upload speed.
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Though the median upload speeds experienced by most subscribers were close to or exceeded the
advertised upload speeds there were some subscridferseach ISPwhose median upload speed fell
significantly short othe advertised upload speed. This issue was most prevalent for ISPs using DSL
technology. On the other hand|SPs using cable and fiber technology generally showed very good
consistency based on this metric.

We can learn more about the variation in netik performance by separately examining variataoross

geography and across time. We start by examining the variation across geography within each

LI NOAOALI GAy3 L{tQa aSNBAOS UG(SNNAG2NERO® C2NJ SI OK
speed (over the peak usage period) to the advertised download speed for each panelist subscribing to
GKFG L{t ® 28 (KSy SEFYAYS (KS RA&AGNAOdziAZY 2F (K,

Charts14.1 and14.2 show the complementaryuenulativedistribution of the ratio ofmedian download
speed(overthe peak usage perigdo advertised download speed for each participating ISP. For each
ratio of actual to advertised download speed on the horizontal axis, the curves show the percentage of
panelists sbscribing to each ISP that experienced at least this .fatiéor example, theCincinnati Bell

fiber curve in Chartl4.1 shows that 8% of its subscribers experienced median download speed
exceeding83% of the advertised download speeghile 70% experienced anedian download speed
exceeding95% of the advertised download speed@nd 506 experienced amedian download speed
exceedindl02%of the advertised download speed.

25|n Reports prior to the 2015 MBA Report, for each ratio of actual to advertised download speed on the horizontal
axis, the cumulative digbution function curves showed thpercentage of measurements, rather thanelsts
subscribing to each ISfat experienced at least this ratio. The methodology usiede theni.e., usingpanelists
subscribing to eaclSP, more accurateljustrates ISPerformance froma consumef goint of view.
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Chart14.1: Complementary cumulae distribution of the ratio of median download speed to advertised
download speed.

100%
90% -

80% - ——AT&T IPBB

70% - CenturyLink

Cincinnati Bell Fiber
60% -
Cincinnati Bell DSL

50% - ——Charter

Comcast

40% |

Percent of Panelists

Cox
30% -
——— Frontier DSL

20% - Frontier Fiber

10% -

0% . ; ——S ;
0% 25% 50% 75% 100% 125% 150%
Percent of Advertised Download Speed

Chart14.2: Complementary cumulative distribution of the ratio of median download speed to advertised
download speed (continued).
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The curves focable-based broadband anfiber-based broadband are steeper than those for D8ted

broadband. This can lsenmore clearly in Chatt4.3, which plots aggregate curves for each technology.
Approximately80%of subscribers teable and0% of subscriber® fiber-based technologiesxperience
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median downloadgpeeds exceeding the advertised ddwad speed. In contrast, onBg%of subscribers
to DSkbasedservicesxperiencemedian downloadpeeds exceeding the advertised download sp&ed.

Chart14.3: Conplementary cumulative distribution of the ratio of median download speed to advertised
download speed, by technology.
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Chartsl4.4 t0 14.6 show the complementary cumulative distribution of the ratio of median upload speed
(over the peak usage period) taheertised upload speed for each participating ISP (CHdrtsand14.5)
and by access technology (Chi4t6).

26 The speed achievable by DSL depends on the distance between the subscriber and the central lofifitbe
complementary cumulative distribution function will fallba/ly unless the broadbahlSP adjusts its advertised rate
based2 y (i KS & dzo a O KOhast 36\idistratds 2hal thé pedoyhtance during Homsy hours is similar to
the busy hour, making congestion less likely as an explanation.)
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Chart14.4: Complementary cumulative distribution of the ratio of median upload speed to advertised
upload speed.
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Chart14.5: Complementary cumulative distribution of the ratio of median upload speed to advertised
upload speed (continued).
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Chart14.6: Complementary cumulative distribution of the ratio of median upload speed to advertised
upload speed, by technology.

All actual speeds discussed abowere measured during peak usage periods. In contrast, Ch&rtsand

15.2 belowcompare the ratio of actualownload and uploadpeedto advertiseddownload and upload
speeds during peak and ofpeak times?” Charts15.1 and15.2 show that most ISRubscribes experience
only a slight degradation from effeak to peak hour performance

Chart15.1: The ratio of weighted median download spaedadvertised downloadpeed peakhours
versus offpeakhours

27 As described earlier, Verizon DSL dmad| and upload results are shown as a range since Verizon advertises its
DSL speed as a range rather than as a specific speed.
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